Addition of 100 millimolar KCI, NaCI, or Na2SO4 strongly promoted acidification of the medium by cells of Nicotiana tabacum/gossii in suspension culture. Acidification was greater in the case of NaCl-adapted than in that of wild type cells, and strikingly so in KCI medium when fusicoccin (FC) was present. Back-titration indicated that net proton secretion in KCI medium was increased 4-fold by FC treatment in the case of adapted cells; but was not even doubled in wild type cells.
As recently reported (23, 24) , we have developed tobacco cell lines in suspension culture resistant to NaCl levels up to 500 mM NaCl and are investigating the nature of their accommodation to salinity. As a step towards elucidating whether membrane transport mechanisms play an important part in this accommodation, we have followed proton fluxes into and out of the cells as a response to the addition of salt to the media. Proton fluxes are currently believed to be central to membrane function; the transmembrane gradient in electrochemical potential for protons generated by a membrane proton pump is thought to serve as immediate source of energy for transmembrane flux of a variety ofother solutes ( 14, 15) . Observations on leaftissue have recently led us to suggest that an alteration in rate of proton pumping may play a central role in osmotic adaptation (16) . Similar phenomena have lately also been observed in cultured carrot cells (17; M Reuveni, HR Lemer, unpublished data).
Proton extrusion from various plant tissues is known to be stimulated in the presence of monovalent salts (8 efficiency with which they bring about this effect, K+ proving the most efficient (2) . In the present communication we compare the effect of adding these and considerably higher concentrations (100 mM) of NaCl and KCl both in the case of a wild cell line and in that of a cell line adapted to growing in 300 mm NaCl. The observations have been made both in the absence and presence of FC,3 a fungal toxin believed to activate specifically electrogenic energy-linked H+ extrusion (9) .
MATERIALS AND METHODS
The tobacco cell cultures used in this investigation (Nicotiana tabacum/gossii), and the technique for development of NaCladapted lines, were as described (23) . The culture medium and conditions of growth were also as given (23) . Before each of the present experiments, the NaCl-adapted cells were transferred in gradual stages from the medium in which they were growing (300 mm NaCl) to standard medium, the procedure lasting 5 d. The standard medium contained 20.6 mM NH4NO3; 18 (23) . Both cell lines had been growing in standard medium for 3 d by the start of the experiment. Cell suspensions were then filtered through Miracloth, the cells were rinsed several times in 10 mM CaSO4 or CaCl2 (see Figure legends) , and subsequently placed in 10 mM CaSO4 or CaCl2, the ratio of cells to solution being 150 mg fresh weight per 1 ml medium. The cells were shaken for 2 h on a rotary shaker to allow recovery from any shock experienced in the transfers (21) after which various treatments were applied as described for the individual experiment in "Results."
At stated intervals the pH of the suspension was measured (Radiometer pH meter) after C02-free air had been bubbled through it for several minutes. Proton equivalents released by the cells were calculated after back titration.
Na+ and K+ were determined in aliquots of cells at intervals. The cells were filtered off, rinsed with 10 mm CaSO4 plus mannitol of the same osmolarity as the treatment solution to avoid osmotic shock (1) , and then extracted with boiling water. Na+ and K+ concentrations were measured in the extract by means ofan atomic absorption spectrophotometer (Varian Techtron type AA-5).
Malate was determined in the cells and in the medium by an enzymic method (7) .
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RESULTS
When either NaCl or KCI was added at 100 mm to cells suspended in 10 mM CaCl2, acidification was strongly promoted, the extent of the acidification being considerably greater in the case of KCI. This was true for both NaCl-selected and wild cell lines (Fig. 1, a and b) . FC produced relatively little effect when added to the NaCl medium, but substantially increased the acidification in the presence of KCI. Figure 1 , a and b, also shows that the progress curves for acidification flattened out after about 90 min; after a few further hours a tendency towards alkalization of the medium was observed. The flattening was not the result of starvation of the cells in these sugar-free media, since addition of sucrose after some hours did not prevent flattening and indeed tended to promote alkalization (not shown).
The most striking difference between the wild and NaClselected cell lines was in their response to the KCI + FC treatment (cf Fig. 1 , a and b). This is brought out even more clearly in Table I , which gives nmol of protons secreted per g fresh weight of cells as measured after 1 h by titration back to control pH. FC brought about a more than 4-fold increase in proton secretion by adapted cells in the presence of K+, while proton secretion by wild type cells was less than doubled (Table I) . Table I also shows that the lesser fall in pH observed in NaCl medium as compared with KCI medium (Fig. 1) was not attributable to a difference in buffer capacity of the medium (consequent, for instance, on leakage of cell contents under the influence of high Na+ concentrations). The proton secretion detected in KC1 media was far greater than in NaCl media.
The ratio (proton secretion into K+ + FC medium)/(proton secretion into Na+ + FC medium) was strikingly higher in the case of the adapted cells (about 16 times higher, as compared with 6 times for the wild type cells).
Supply of Na2SO4 + FC produced acidification with both cell lines ( Fig. 1 ; Table I ). Acidification was thus not dependent on the presence of Cl-, and appears to relate mainly to the presence of the cation. The curves for Na2SO4 + FC lay intermediate between those for NaCl + FC and KCI + FC (Fig. 1, a and b) . For both cell lines the level of acidification of the medium was correlated with the level of malate detected in the cells (as determined after 2 h-data not shown). Figure 2 gives the estimated membrane potentials for wild and NaCl-adapted cell lines at various external KCI concentrations. Three points emerge from this figure. First, in the absence of FC the membrane potential difference was greater in the Na-adapted cells at all K+ concentrations. Second, FC treatment produced detectable hyperpolarization in the case of the wild type cells, but not in that of the NaCl-adapted. The difference between the effects of FC on the two lines is not likely to be a result of the known artifacts connected with the use of TPP+ (18) since the binding of TPP+ to cell constituents (which leads to the artifacts) would not be expected to be affected differently by FC treatment in the two cases. Third, the decrease in potential difference with rise in external K+ concentration was greater in the case of NaCladapted than in that of wild type cells.
The last point suggests that permeability to K+ was higher in the NaCl-adapted cells. A higher degree of coupling between H+ efflux and K+ influx would also account for the second point, the lack of detectable hyperpolarization by FC in these cells. That FC-induced K+ uptake was in fact greater in the case of the adapted line is shown in Figure 3 . Here data for K+ uptake taken from a number of experiments (see legend) have been plotted together. FC clearly enhanced K+ uptake in the adapted cells (Fig. 3b) experiments. Figure 4 shows a typical experiment difference in sensitivity to vanadate be suspended in 10 mM KCI (Fig. 4a) and ti e£ Py Tobacco Cells Treated mM KCI or NaCl (Fig. 4, b and c, respectively) . Whereas net H+ rdAbsence ofFC efflux was totally suppressed in 10 mM KC1, relatively little y I g cells (fresh weight) inhibition (about 20% of calculated H+ efflux) was observed n Figure 1 (means of two during the first 1.5 h in 100 mM KCI (Fig. 4b) . Considerable titration to pH of control acidification also occurred in the presence of vanadate in 100 mM NaCl medium (Fig. 4c) . Results that contrasted even more NaCI adapted strongly were obtained when 100 mM salts were added to cells Cellapt already suspended in 10 mm KCI, whether wild type or NaCl adapted (Fig. 5, a and b, respectively) When 100 mm NaCl (or, to a lesser extent, 100 mm KCI) was added to cells during the initial period of acidification induced by 10 mm KCI (0.5 h after addition of the latter) acidification was substantially slowed down (sometimes after a brief initial acceleration). This effect was observed for both NaCl-adapted and wild type cells, but was more pronounced in the latter case, and was particularly marked in the presence of FC. Addition of the 100 mm NaCl or KCI at a much later stage after acidification had ceased (about 3.5 h after the 10 mM KCI) produced alkaliwild type (a) and NaCl-zation. Figure 6 shows two typical experiments of this type al KCI concentration. (A, carried out with wild type cells in the presence of FC. In the first d calculated from TPP+ experiment the retarding effect of NaCl on acidification at 0.5 h, )0 min incubation. Error and the alkalization produced at 3.5 h, are clearly seen (Fig. 6, a cates. and b, respectively). In the second experiment (Fig. 6 , c and d) measurements were made at sufficiently brief time intervals to reveal the acceleration of acidification which preceded its retar-CI-odopted dation. Figure 6 , c and d, shows that the initial acceleration of acidification was greater when KCI was added; however, NaCl +FC subsequently slowed down, and then reversed, acidification more markedly than did KCI.
The possibility suggested itself that entering Na+ ions might 6' be re-extruded from the cells by an H+-Na+ antiporter ("Discussion"). The influx of protons accompanying ejection of Na+ ions by the antiporter would then be responsible for the slowing down of net H+ flux outwards shown in Figure 6 . It was therefore of interest to test the effect of supplying the D-glucose analog MeG, the influx ofwhich should also be accompanied by protons since it is thought to be taken up by an H+-symport mechanism (15) . Figure 6 , a and b, shows that the addition of MeG to NaCl markedly enhanced both the slowing down of acidification 2 4 6 brought about by the latter (Fig. 6a) and the subsequently produced alkalization (Fig. 6b) . It of wild type and NaCl- One of the most striking findings of this investigation was the difference in proton extruding activity revealed in KCI + FC medium between wild type and NaCl-adapted cells. Net proton secretion into KCI medium was increased 4-fold by FC treatment in the case of the adapted cells; in the wild type line it less than doubled ( Table I) . The adapted cells apparently secreted 16 times as many protons into KCI + FC medium as into NaCl + FC medium, whereas this ratio was only 6 for the wild-type cells.
These results suggest that adaptation to salt may lead to a greater proton pumping capacity, either as the result of increased synthesis of the pump, or by modification of its turnover characteristics. This enhanced capacity for proton pumping is cryptic until revealed when activated by FC. In addition, the vanadate stable component of flux (see below) seems to have been enhanced in the adapted cells.
The proton pump is electrogenic, and the fact that no FC effect on membrane potential was detectable with the adapted cells may indicate a high degree of coupling between H+ efflux and K+ influx in the FC-treated adapted line. That K+ uptake into the adapted cells was strongly promoted by FC is evident from Figure 3 ; and the more pronounced fall in membrane potential with rise in external K+ concentration in the case of adapted cells (Fig. 2) also indicates higher permeability to K+. Even in these cells a 10-fold increase in external KCI concentra- tion depolarized the membrane potential to a considerably smaller extent than that predicted by the Nernst equation (Fig.  2) indicating that the potential is not a K+ diffusion potential. Relative insensitivity of the membrane potential of cultured tobacco cells to external K+ concentration has also recently been reported by Takeda et al. (20) , who observed a drop of 24 mV in the case of "high membrane potential cells" as K+ concentration increased 10-fold.
The higher 'permeability' to K+ in the case of adapted cells indicated by our results might involve a transport mechanism (e.g. coupling of K+ influx to active H+ extrusion via a common carrier molecule; [9] ). Alternately, it might involve an increase in the number or conductivity of K+ channels.
Several other interesting findings emerge from this investigation. Addition of 100 mm NaCl to wild type cells already provided with 10 mm KC1 led to a slower rate of acidification, or even alkalization if the addition was made to FC-containing media some hours after KC1 supply (Fig. 6) . Alkalization also occurred after addition of 100 mM KCI under these conditions, but only after a higher level ofacidification (Fig. 6, c and d) . The tendency of NaCl to halt acidification or induce alkalization was markedly promoted by FC and enhanced by combination with MeG ( Fig 6, a and b), a substance believed to be taken up by an H+-symport mechanism (15) .
The interpretation we suggest for these results (and others as indicated below) is based on the supposition that in addition to the membrane ATPase which extrudes protons across the plasmalemma and which is vanadate-sensitive (9) there is a membrane protein(s) which catalyzes Na+-H+ (and possibly K+-H+) exchange. The existence of a Na+-H+ antiporter is now well substantiated for bacterial cells (11) and evidence has been brought for the operation of such a mechanism in higher plant cells (5, 13) and very recently in membrane vesicles prepared from such cells (4) . Sze (19) has inferred the presence of a K+-H+ antiporter in membrane vesicles thought to be of tonoplast origin.
We propose that the slowdown of acidification, and at a later stage, the alkalization, seen in Figure 6 , a, b, c, and d, after addition of 100 mM NaCl reflect the entry of protons via the Na+-H+ antiporter which will be operating with increasing velocity as cytoplasmic Na+ concentration rises. We propose further that K+ is also antiported (either by the same or a different antiporter), but that K+ extrusion only becomes appreciable at higher cytoplasmic concentrations, as indicated by the fact that more extensive acidification took place in the case of K+ before reversal (alkalization) occurred.
The higher rate ofNa+-H+ antiport may also be a contributory cause for the lesser extent of acidification induced by Na+ as compared with K+ in Figure 1 , a and b, an observation similar to that earlier reported by Lado et aL (8) and interpreted by them as at least partly due to a specific effect of K+ which is greater than that of Na+. We suggest that ejection of Na+ by the antiporter, with coupled H' uptake, is reducing net acidification.
The prolonged alkalization observed in the presence of NaCl (Fig. 6b) suggests that the protons entering the cytoplasm must be continuously disposed of, either metabolically or by transfer to the vacuole.
The observation that a concentration of vanadate which abolished the net H+ efflux that followed supply of 10 mm KCI to tobacco cells produced a lesser effect on the acidification induced by 100 mm salt (Figs. 4 and 5) suggests, as pointed out above, that proton efflux in the latter case included a component mediated by a different mechanism. One possibility to be considered is that, following addition of 100 mm salt to the medium, the antiporter may be working in reverse and that it is in fact partly responsible for the observed acidification. The direction of flow would be imposed by the relative magnitudes of A gH and A uNa' (or A ,K+) respectively-that ion which has the greatest transmembrane drop in potential will flow downhill driving the second ion in the opposite direction (25) . The average Na+ concentration in the cells at the start of the experiment was found to be about 0.25 mM (wild type) and 10 mm (salt-adapted). Since the cytoplasmic Na+ concentration is generally assumed to be lower than that in the vacuole, addition of 100 mm NaCl could have created an inward A gNa' larger than A ,uH+ where A pH between medium and cytoplasm did not exceed 2 to 3 pH units. The antiporter may thus under these conditions have operated so as to mediate inwards Na+ flux and outwards H+ flux. The situation for K+, the average intracellular concentration of which was about 20 mm, is less clear. Conceivably, an energydependent K+ uptake mechanism may be involved (10, 12) which might be associated with proton extrusion (10) .
FC enhanced both the acidification that followed supply of salt and the subsequent alkalization (cf Figs. 6 and 7) . The rapid alkalization that occurred on addition of FC to cells treated with NaCl for 6 h (Fig. 7) was especially striking. FC is believed to act primarily on electrogenic H+ extrusion (9) and the enhanced acidification cited above is consistent with this view. The second effect, enhanced alkalization, according to our interpretation of the rise in pH suggests enhanced antiport activity. This conclusion is supported by the deduction of earlier workers (5) 
